The role of cAMP- and cGMP-dependent protein kinases in the cardiac actions of the new calcium sensitizer, levosimendan.
The role of phosphodiesterase III inhibition and calcium sensitization in the cardiac actions of levosimendan, (R)-[[4-(1,4,5, 6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propane dinitrile, was studied. Various heart preparations were used to investigate positive inotropy, chromotropy, coronary flow and calcium sensitivity of contractile proteins. The cAMP- and cGMP-dependent protein kinases (PKA and PKG) were inhibited by KT5720 and KT5823, respectively. Furthermore, the synthesis of cAMP was stimulated by forskolin and increased phosphorylation of troponin I was induced by isoprenaline. In Langendorff guinea-pig heart, levosimendan (0.01-1 microM) and milrinone (0.1-10 microM) increased the left ventricular systolic peak pressure almost to the same extent. In the presence of KT5720 (1 microM) milrinone was devoid of positive inotropic activity. In contrast, KT5720 did not antagonize the inotropic effect of levosimendan at < or = 0.03 microM (-up to the EC50 of levosimendan). The effects of levosimendan and milrinone on heart rate and coronary flow were not affected by KT5720. The PKG inhibitor, KT5823 (1 microM), on the other hand, potentiated the levosimendan-induced increase in coronary flow while it had no effect on the increase induced by milrinone. The mechanical parameters were not affected by KT5823. In the papillary muscle, the positive inotropic effect of milrinone but not that of levosimendan was potentiated by forskolin (0.1 microM). In contrast to milrinone, the positive inotropy by levosimendan was decreased by isoprenaline pretreatment (0.1 microM; 3 min). In line with this, the calcium-sensitizing effect of levosimendan was decreased in skinned fibers prepared from isoprenaline-treated hearts. Our results indicate that the cardiac effects of levosimendan at its therapeutically relevant concentrations were not mediated through PKA or PKG and its positive inotropy is therefore most probably due to the previously reported troponin-C-mediated calcium sensitization of contractile proteins.